Interpreting hemodynamic responses in epilepsy is hampered by an incomplete 
al. 2006).

48
How excitation and inhibition contribute to the hemodynamic response to EDs is 49 especially relevant to epilepsy, which is thought to arise from an imbalance between In this study, we determined how hemodynamic/metabolic responses relate to the 62 activities of cells that drive excitation (putative principal cells, PCs) and inhibition
63
(putative interneurons, INTs) during EDs. We began by simultaneously recording 64 Saillet et al. / 4 hemodynamic, metabolic, and neuronal signals in rat somatosensory cortex after 65 microinjection of bicuculline to elicit EDs. We then constructed linear models to test 66 the ability of neuronal parameters, including single-unit and multi-unit activity, to 67 predict the hemodynamic and metabolic responses.
68
MATERIALS AND METHODS
69
All procedures were consistent with animal care and use guidelines from the Institut 
80
The skull was exposed and cleaned, and frontal and sensorimotor cortical regions A chamber of dental cement was created around the cranial opening to allow 90 perfusion with artificial cerebrospinal fluid (ACSF) through inlet and outlet cannulas in 91 the chamber wall. The ACSF consisted of (in mM) 126 NaCl, 3. given rat.
160
The silicon, LFP, LD, and O 2 probes were placed near the bicuculline injection site 161 (Fig. 1A) . The LFP, CBF, and tissue pO 2 signals were recorded simultaneously with The dissimilarity between two parameters was set to one minus the rate of significant The GLM was fitted to the data in a linear regression framework. Importantly, 258 possible correlation between regressors was taken into account by using stepwise 259 regression, in which a regressor is added to the model only if its contribution is 260 significant at P < 0.05 (function stepwiselm of Matlab).
262
When fitting the GLM to the data, we included a prewhitening step, as is 
RESULTS
276
Signals from multimodal recordings. In all rats, bicuculline consistently induced
277
EDs and produced robust CBF and pO 2 responses (Fig. 3A) . As we previously response was delayed by 2.5 s; however, a 750-ms delay is to be expected from the 281 time response of the oxygen probe (Fig. 2) . Also, such a lag includes the time 282 required for oxygen to diffuse through tissue (Masamoto et al. 2007 )
283
On the LFP electrode, EDs were characterized by three phases: a sharp negative 284 wave, a variable decay period, and a slow positive wave. To take into account possible differences in neuronal processes contributing to the three phases, each 286 phase was analyzed in a separate window (Fig. 3, C and D) . (Fig. 5, C and E) , at the peak of the spike (Fig. 5B) , or during the slow wave 303 (Fig. 5, D, F, and G) . Across all rats, these patterns were not clearly related to the To construct the regressors, the GLM requires a model of the impulse response to 324 EDs. We deconvolved the hemodynamic/metabolic data to obtain the impulse 325 responses for each rat (Fig. 7) . For the CBF response, the peak time was stable at 326 2.5-3.5 s (Fig. 7A) . The pO 2 responses decreased between 2.5 and 3 s, then 327 increased, with an overshoot in 3 of 6 cases, peaked between 6 and 7 s, and 328 returned to baseline. Both pO 2 and CBF varied considerably from rat to rat (Fig. 7, A   329 and C), underscoring the importance of using an animal-specific unit response model 330 in the GLM.
331
The CBF response varied in decay time, and the pO 2 response varied in the 332 presence or absence of an overshoot. Therefore, the first peak and the decay period 
342
CBF and pO 2 were well predicted by the linear models (Fig. 8) . A prewhitening 343 procedure permitted more accurate estimation of the t-statistics (Fig. 8, B and D) . The 
350
The criterion for a significant contribution to the prediction of CBF or pO 2 was a 351 significant t-test on at least 4 of 6 rats, with a threshold of t=2.58 corresponding to calculated by using the first gamma function (HRF1) (Fig. 7, B and D) .
355
In the parametric model, the most significant variables were LFP for window 1 and 356 the inter-ED interval (logfreq1) for the first part of the response (HRF1) (Fig. 9) . For were not significant (not shown).
360
DISCUSSION
361
In this study we used simultaneous multimodal recordings and parametric regression 
